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Foreword

Sacramento/San Joaquin River Delta

From the San Francisco Bay/Delta to the Florida Everglades and
from upstate New York to Houston, people are dealing with a com-
mon problem in these diverse locations—land subsidence due to
the withdrawal of ground water or the application of water at the
land surface. These locations illustrate that subsidence is not an iso-
lated problem: an area of more than 15,000 square miles in 45 States
experience land subsidence. Using these locations and others as case
studies, this report focuses on three principal processes causing land
subsidence: the compaction of aquifer systems, the oxidation of or-
ganic soils, and the collapse of cavities in carbonate and evaporite
rocks. The impacts of land subsidence, past and present, are illus-
trated, and most importantly, so is the value of science in effectively
limiting damages from land subsidence.

An important aspect of the USGS mission is to provide information
that describes the Earth, its resources, and the processes that govern
the availability and quality of those resources. With reports such as
this Circular, the USGS seeks to broaden public understanding of
land subsidence as an Earth process, and the serious impacts that
subsidence can cause if those impacts are not understood, anticipated,
and properly managed. By applying scientific understanding and
engineering approaches to problems of land subsidence, our society
will have solutions that can mitigate or eliminate the negative im-
pacts of subsidence while allowing continued beneficial uses of wa-
ter. It is our hope that this information will be helpful for concerned
citizens, landowners, water users, water managers, and officials re-
sponsible for public investments and regulation of land and water use.

For some readers, this report will be an end in itself in providing an
understanding of the phenomena of land subsidence that satisfies
their need to act as informed citizens or decision makers, or simply
to satisfy their curiosity about an important Earth process. For
other readers, we hope this report will be a gateway to the rich scien-
tific literature on the subject of subsidence and strategies for the
control of subsidence, through the references provided.

Scientific understanding is critical to the formulation of balanced
decisions about the management of land and water resources. This
Circular coupled with ongoing data collection, basic research, and
applications of that research to specific subsidence problems, con-
stitute the USGS contribution toward wise management of land
subsidence as a part of effective and publicly beneficial land- and
water-management strategies.

Robert M. Hirsch
Associate Director for Water Resources



Fissure, South-Central Arizona
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Cover-collapse sinkhole, West-Central Florida
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VIII

Vertical Datum

In this report, “sea level” refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)—a geodetic datum derived from
a general adjustment of the first-order level nets of both the United
States and Canada, formerly called “Sea Level Datum of 1929.”
“Mean sea level” is not used with reference to any particular vertical
datum; where used, the phrase means the average surface of the
ocean as determined by calibration of measurements at tidal stations.
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Conversions

MULTIPLY

inch
foot
mile

square foot
square mile
acre

acre foot
cubic foot
gallon

ounce
pound
ton (short)

degree Fahrenheit

MEASUREMENT

Length

Area

Volume

Mass

Temperature

TO OBTAIN

millimeter
meter
kilometer

square meter
square kilometer
hectare

cubic meter
cubic meter
liter

gram
kilogram
megagram

degree Celsius

This Circular uses English units. To determine metric values use
the conversion factors listed below.


